Materials and Methods
The autopsy records of the Penrose Research Laboratory of the Philadelphia Zoological Garden for the 25-year period 1941-1965 were reviewed, and the case records of anatids with histologically proven diagnoses of amyloidosis collected. The custom of this laboratory to regard the first 12 months in the zoo as an adjustment period and to include in the studies only those birds that have been on a standardized diet for one year with no evidence of imported disease was followed. Numbers indicating 'age' are months on exhibition rather than actual age, as that is often unknown. Although a bias to regard birds as younger than they actually are is introduced, its importance lessens as exhibition age increases.
The selected records were analysed for the following features: taxonomic sub-family, tribe, genus and species, exhibition age, sex, and associated chronic disease. Adaptability to the zoo environment is assessed on the basis of longevity and reproduction. Observations on behavior were compiled from personal observations by zoo personnel and from various standard published sources3-5.
The taxonomic system followed is that of DELACOUR and M A Y R~. The chisquare test was used to compare incidences, and Wilcoxon's two-sample rank test for samples of unequal sizes to compare age incidences'.
Results
Suitable records were found for 565 anatids, 299 males and 266 females, from the 25-year survey period. Of these birds 259 (45.8%) had amyloidosis; 133 (51.4%) were males and 126 (48.6%) were females. A slightly higher proportion of the females (47.3%) than males (44.5%) had amyloidosis. This difference is not significant. Two sub-families, 8 tribes, 30 genera, and 100 species were represented in the study (Table I) . Of those tribes with amyloidosis, incidences ranged from a high of 56% in mergini (sea ducks) to a low of 29% in dendrocygnini (whistling ducks). Tribe oxyurini had no amyloidosis, but was represented by only 3 birds. The differences in incidence of amyloidosis in 5 other tribes are not great, ranging from 36-53y0, and may not be real because of relatively small sample sizes.
The average exhibition age at death of all anatids (565) was 81 months and of the 259 with amyloidosis, 83 months. Thirteen genera from 7 tribes were represented by more than 10 birds each ( Table 11 ). The average exhibition age per genus ranged from 52 to 123 months in comparison to 38 to 111 months for those with amyloidosis. For some genera the average exhibition age of birds with amyloidosis was less than the generic average, for others greater. These differences were probably not significant. With a small sample size, one very long-or very short-lived individual may have a disproportionate effect on average longevities. The incidence of amyloidosis by genus ranged from a high of 92% (Chloephaga) to a low of 29% (Dendrocygna, Tadorflu) ( Table 11 ). Chloephaga was represented by only 12 individuals. The only bird in this genus dying without amyloidosis had been in the zoo only 24 months. Sixty birds had tuberculosis, 39 with coincident amyloidosis, 21 without. The correlation between tuberculosis and amyloidosis is significant (P< 0.03). However, those genera with the highest incidence of amyloidosis have no tuberculosis (Table 11) . Birds with tuberculosis alone average 18 months older at death (88 months) than those with tuberculosis and amyloidosis (70 months), and those with amyloidosis alone average 12 months older (82 months). This difference in ages is not highly significant (P< 0.1).
Year by year analysis from 1941 to 1965 reveals a steady rise in the incidence of amyloid disease. This was associated with a four-fold increase in population-at-risk (PR) since 1945, due to acquisition of new stock, and a subsequent fall in average exhibition age ( Fig. 1) . While the numbers are too small to be statistically significant, there does not seem to have been a change in incidence in Canada geese and redhead ducks which have been exhibited throughout the period. However, both of these species have had a high incidence throughout.
Indicators of adaptability often used are longevity and the ability to produce and rear offspring. If these criteria be valid, then Chloephaga, Somateria, and Btlcephala (Table 11 ) must be considered poorly adapted. Chloephaga includes various Andean 'geese', Magellan's goose, kelp geese, etc., all exotic, all quarrelsome, and all very difficult to propagate in this Garden. Somateria and Btlcephala include the eider ducks and the goldeneyes-cold-water marine ducks which normally breed on the Arctic tundra or on far northern coasts-which seldom are able to nest and rear young in captivity here. The swans and geese, Cygnus, Branta, and Anser, are notoriously aggressive and competitive, particularly at nesting time, and in captivity tend to form hierarchies4.6. Successful breeding of many of these species requires isolation of the pair from all others of their group.
The whistling ducks, Dendrocyga, as a group are shy, nonaggressive, easily domesticated, and have a world-wide distribution. Their incidence of amyloidosis is correspondingly low.
The tribe tadornini, including the genera Cbloepbaga and Tadorna, among others, is composed mainly of aggressive, competitive birds. However, while Chloephaga is a South American genus exclusively, Tadorna is widely distributed. In addition, the common sheldrake T. tadorna, which makes up more than half of that group on exhibit, is much less aggressive, more gregarious, and much longer lived than its congeners.
The wood duck, Aix sponsa, a shy, small bird which customarily nests high in trees, and which lays, but cannot successfully hatch out and rear its young in this Garden, has a much higher amyloidosis rate (57%) than its domesticated congener the Mandarin duck (31 %).
The same pattern occurs within the cosmopolitan genus Anas. When rates for birds grouped by their taxonomic affinities are compared, they range from 27% for the wide-ranging gregarious bluewing duck group to 86% for the exotic Austral teal group.
Discussion
Chronic diseases are seldom seen in anatids, probably because the usually intense competitive interaction makes it likely that a weakened bird will be killed quickly or deposed from his position in the feeding hierarchy. Many birds are found to have died emaciated, with empty gizzards.
Although tuberculosis is definitely associated with amyloidosis, no bird in the four genera with the highest incidence of amyloidosis had it (Table 11 ). In Part I of this study2 tuberculosis was found to be often of late onset, complicating pre-existing amyloidosis. The average death of anatids with amyloidosis is earlier than the average death with tuberculosis, and the combined diseases kill more quickly than either alone. These two diseases are clearly related in some way, if not by predisposition to infection through debility, then through some other common factor. The age relationships suggest that the development of amyloidosis precedes the onset of tuberculosis and that a causal relationship cannot be assumed.
Aspergillosis, the other major avian disease, is more obviously a late complication of other diseasez. Arteriosclerosis is so common as to be expected in nearly all old anatids2.
The concept of 'primary or secondary' amyloid does not apply to the avian disease, either in pattern or staining quality, or in associated disease2.
The marked drop in average exhibition age with the death of the last of the very old @re-1945) stock in 1951 did not depress the incidence of amyloidosis. This would indicate that the oldest birds did not have a particularly high incidence. Amyloidosis is found at about the end of an average life expectancy for the genus (Table 11 ). It is not clear whether aging or time-at-risk is the operating factor.
The only consistent associations with amyloid disease are increasing population density, whether this implies increased density per se, or the acquisition of susceptible species, and the adaptability of the various genera. Adaptability is difficult to assess, particularly when considering poorly studied exotic species. The behaviour of birds in the wild and in captivity may be markedly different. Also, a bird may be able to survive and apparently adapt, but do so only marginally, leading a life of unnatural stress, with frequent, often frustrating clashes with his enclosure-mates. All the anatids are exposed to the same population density, the same climatic conditions, all are pinioned and fed standardized diets appropriate to the natural feeding habit. Whatever the factors influencing susceptibility, they reside within the birds. The susceptible species show rather uniformly much competitive interaction with markedly aggressive patterns of behavior which are accentuated and often frustrated by confinement, or an inflexible adaptation to an ecological niche which cannot be satisfactorily reproduced. In other words, amyloidosis appears most commonly in birds which are subjected for prolonged periods to environmental stressors to which they cannot satisfactorily adapt. The segregation of susceptibility by genera might be explained on the basis of some genetic predisposition, but unless this were mediated through genetically determined patterns of behavior, one would have to postulate an untenable degree of coincidence. The development of amyloidosis in response to environmental stressors is not too surprising when one considers the wide variety of manipulations that may produce the disease in the laboratory.
Environment may be defined as the total forces, internal and external, acting upon the individual or the race. Adaptation represents a favorable balance for the individual or the race against these factors.
Modern concepts in pathology increasingly recognize the importance of environmental factors, and regard 'health' and 'disease' not as fixed entities but as a fluid spectrum from adaptation to maladaptation. This recognition does not require detailed knowledge of mechanisms.
Szimmary
The incidence and contributing factors relating to amyloidosis in the family Anutidue were analysed by genus and species. There is a striking segregation of susceptibility by species, with exotic, poorly adapted or excessively aggressive birds being the most susceptible, and indigenous, well adapted non-aggressive or domestic types least susceptible. Other associations, such as chronic disease, are inconstant. Classifications such as primary and secondary amyloidosis do not apply to avian amyloidosis.
Ztlsammen fassmg
Das Vorkommen und die zur Amyloidose beitragenden Faktoren werden bei der Familie der Anutidue nach Genus und Spezies untersucht. Es besteht ein auffalliger Unterschied der Empfanglichkeit zwischen Spezies mit exotischen, wcnig angepassten oder besonders aggressiven Vogeln, die am empfanglichsten sind, und den wenig empfanglichen einheimischen, gut angepassten, nicht aggressiven domestizierten Typen. Andere Begleitumstande wie chronische Krankheiten sind variabel. Klassifizierungen wie primare und sekundare Amyloidose sind fur die aviare Amyloidose nicht verwendbar.
